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GlomerulopathiesRenal biopsy is an important method of diagnosis and prognosis in children and adolescents with renal
diseases, and there are few studies describing the histopathologic alterations in renal biopsies in these age
groups. The aim of this study was to evaluate the incidence of morphologic alterations described in renal
biopsies carried out in children and adolescents. Patients aged between 1 month and 18 years were observed
from 1996 to 2010 and were separated into 3 age groups: 0 to 6 (group 1, n = 29), 6 to 12 (group 2, n = 31),
and 13 to 18 (group 3, n = 77) years. Morphologic alterations were evaluated according to light microscopy,
immunoﬂuorescence, and electron microscopy ﬁndings. The most common glomerulopathies observed in
these different age groups were as follows: group 1—podocytopathy (34.78%), hereditary proteinurias
5 (21.73%), lupus nephritis (13.04%), and Berger disease (8.69%); group 2—podocytopathy (44.44%),
acute diffuse glomerulonephritis (22.22%), Berger disease (11.11%), and Alport syndrome or thin
membrane disease (11.11%); and group 3—lupus nephritis (22.85%), podocytopathy (20.00%), Berger
disease (15.71%), and membranous glomerulopathies (11.42%). This study allows for better knowledge
of the prevalence of nephropathies in children and adolescents and shows that a well-supported early
diagnosis is indispensable for a more adequate treatment of patients with renal diseases.y had no potential conﬂicts of
ral, Universidade Federal do
nas Gerais 38025-180, Brazil.
orrêa).
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Kidney diseases are responsible for high morbidity, not representing,
however, great causes of mortality [1]. In Brazil, studies based on native
kidney biopsies showed that focal and segmental glomerulosclerosis is
the most frequent among primary glomerulonephritis, and its relative
frequency seems to be increasing in biopsied patients over time. This
nephropathy is followed by membranous nephropathy and immuno-
globulin A (IgA) nephropathy [2,3]. Other study compared the distribu-
tion of glomerular diseases worldwide and notices that Brazil
encompassesboth the features of developedanddeveloping countries [4].
Several renal diseases occurring during childhood result either from
congenital malformations or from hereditary diseases. Most congenital
diseases occur sporadically, and the pathogenesis is not clearly deﬁned
inmany of them. On the other hand, some patients may present clinical
ﬁndings consistent with well-deﬁned genetic diseases [5].
One of the causes of renal abnormalities may be present during
intrauterine development [6]. Intrauterine growth restriction isconsidered one of the nonimmune causes of abnormal renal function.
After birth, the etiologies of renal diseases are more varied, with
variations according to age. The most common are the genitourinary
tract abnormalities in children younger than 6 years and glomerulo-
nephritis in older children [7].
Renal biopsy is an important method of diagnosis and prognosis in
children and adolescents with renal diseases. It provides the
nephrologist with important information to conﬁrm clinical diagnosis,
evaluate the course and severity of the disease, and monitor its
progression and response to therapy. Persistent proteinuria associated
or not with hematuria, differentiation between nephrotic and
nephritic syndromes, progressive glomerulonephritis, and acute or
chronic kidney failure are among the most important indications of
biopsy in children and adolescents [8].
There are few studies describing the histopathologic alterations in
renal biopsies in children and adolescents [8,9]. Thus, the aim of this
studywas to evaluate the incidenceofmorphologic alterationsdescribed
in renal biopsies carriedout in children andadolescents, determining the
most frequent type of nephropathy at different age groups.
2. Materials and methods
This study was approved by the Triângulo Mineiro Federal
University Research Ethics Committee on October 29, 2010, under
approval number 1740.
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ogies), clinical data (complaints, clinical signs, and diagnosed
diseases), laboratorial data (biochemical and urinalysis), other tests
(ultrasonography and others), and epidemiologic data (age, sex, and
ethnic group) were recorded. Patients undergoing kidney transplant
were excluded.
Children and adolescents aged between 1 month and 18 years
were observed from 1996 to 2010, which is the period of existence of
the nephropathology service in the General Pathology Division of
Triangulo Mineiro Federal University since it was implanted in 1996.
The alterations were evaluated according to age group divided into 3
groups: 0 to 6, 6 to 12, and 13 to 18 years, in accordance with
literature criteria [7]. Sex and ethnic groups were compared between
different age groups.
Morphologic alterations were evaluated according to light
microscopy, immunoﬂuorescence, and electron microscopy ﬁndings.
These 3 techniques could be performed only if 3 fragments with
their respective ﬁxatives were sent to the nephropathy service
(paraformaldehyde for light microscopy, transport solution for
immunoﬂuorescence, and glutaraldehyde for electron microscopy).
Furthermore, electron microscopy is usually done only in some
cases, when the light microscopy and immunoﬂuorescence are not
conclusive. Thus, in some cases, the diagnosis was made without the
use of the 3 techniques.
First, a classiﬁcation of the renal compartment affected and
congenital alterations were made, and the cases were divided into
the following groups: glomerulopathy (primary involvement of the
glomerulo), tubulointerstitial nephritis (involvement of the inter-
stitium and/or tubule), acute tubular necrosis (primary involvement
of the tubule), vasculopathy (involvement of the vessels), congenital
malformation, and inconclusive diagnosis. Second, biopsy diagnosis
was performed to deﬁne the variety of the kidney injuries and the
parameters of prognostic signiﬁcance as well as to match the ﬁndings
with the clinical consequences.
The method of ultrasound-guided renal puncture is the most
commonly used method, and this is performed as follows: after
antisepsis and local anesthesia, the puncture is performed in the
upper third of the kidney under direct vision by ultrasound, with a Tru-
Cut 18-gauge needle mounted on an automatic biopsy device (Biopty-
Gun; Bard Biopty Instrument, Covington, GA). After conﬁrming the
needle tip position within the renal cortex, 4 shots are performed to
obtain the fragments, which are then placed in vial kit and sent to theTable 1
Analysis of sex, ethnic, diagnosis of renal biopsy, tubulointerstitial repercussions, and vasculo
different age groups
0
Sex F 1
M 1
Ethnic W 1
NW 4
Diagnosis of renal biopsy Glomerulopathy 2
TIN 2
ATN 1
Vasculopathy 2
Malformation 2
Inconclusive –
Tubulointerstitial repercussions 8
Vasculopathy associated with SAH secondary to nephropathy 8
SAH 9
Total individuals 2
F, female; M, male; W, white; NW, nonwhite; TIN, tubulointerstitial nephritis; ATN, acute t
*Data regarding ethnicity were not recovered in all cases, and some patients had more than
a χ2 = 6.594, P = .037.
b χ2 = 21.389, P b .001.
c χ2 = 0.0971, P = .953.
d χ2 = 17.037, P b .001.
e χ2 = 4.276, P = .118.nephropathology laboratory. After this, an immediate control with a
color Doppler is made to check possible complications, and the patient
remains in service to rest, compressing the punctured site.
Statistical analysis was carried out with SigmaStat 2.03 software
(SPSS Inc., Chicago, USA), and χ2 test was used for the analysis of the
categorical variables. Differences in which a P value was less than 5%
(P b .05) were considered statistically signiﬁcant.3. Results
Among the 1603 biopsy records analyzed from 1996 to 2010, 137
(8.54%) were biopsies of native kidneys from children and adoles-
cents. Regarding the patients with native kidneys, 29 (21.16%)were in
the 0- to 6-year age group, 31 (22.62%) in the 7- to 12-year age group,
and 77 (56.20%) in the 13- to 18-year age group.
In patientswith native kidneys in the groups of patients aged 0 to 6
and 7 to 12 years, a higher proportion of male patients was observed,
whereas in the 13- to 18-year age groups, the frequency of female
patients was higher with signiﬁcant difference between the groups
(χ2 = 6.594, P = .037). White patients were in higher proportion in
all the groups analyzed; however, this proportionwasmore evident in
the groups of patients aged 0 to 6 and 13 to 18 years when compared
with the group of patients aged 6 to 12 years (χ2 = 21.389, P b .001)
(Table 1).
Glomerulopathy was the most frequent nephropathy in all the
groups. Tubulointerstitial nephritis was observed in the groups of
patients aged 0 to 6 and 13 to 18 years, and acute tubular necrosis was
present only in the group of patients aged 0 to 6 years. Moreover, the 3
groups presented cases of vasculopathy due to hemolytic-uremic
syndrome or hyaline arteriolosclerosis. There were some cases of
malformation resulting from renal dysplasia and nephronophthisis in
the group of patients aged 0 to 6 years, and in some cases, the
diagnosis in the groups of patients aged 6 to 12 and 13 to 18 years was
inconclusive because of the absence of clinical data (Table 1).
The frequency of tubulointerstitial repercussion was similar
among the groups (χ2 = 0.0971, P = .953). As for the analysis of
the vasculopathies associated with systemic arterial hypertension
(SAH) secondary to nephropathy, the frequency was signiﬁcantly
lower in the group of patients aged 7 to 12 years when comparedwith
the 0- to 6-year age group and the 13- to 18-year age groups (χ2 =
17.037, P b .001) (Table 1).pathy associated with SAH secondary to nephropathy in patients with native kidneys at
-6 y, n (%) 7-12 y, n (%) 13-18 y, n (%)
4 (48.27)a 14 (45.16)a 48 (62.33)a
5 (51.72)a 17 (54.83)a 29 (37.66)a
9 (82.60)b 15 (57.69)b 45 (78.94)b
(13.79)b 11 (42.30)b 12 (21.05)b
3 (79.31) 27 (87.09) 72 (93.50)
(6.89) – 2 (2.59)
(3.44) – –
(6.89) 2 (6.45) 2 (2,59)
(6.89) – –
2 (6.45) 3 (3.89)
(27.58)c 9 (29.03)c 23 (29.87)c
(27.58)d 2 (6.45)d 17 (22.07)d
(31.03)e 6 (19.35)e 17 (22.07)e
9 (100) 31 (100) 77 (100)
ubular necrosis.
1 diagnosis.
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patients aged 0 to 6 and 13 to 18 years, however, without signiﬁcant
difference between the groups (χ2 = 4.276, P = .118).
Within the 23 cases of glomerulopathy observed in the 0- to 6-year
age group, the most frequent was the podocytopathy, present in
8 (34.78%) biopsies. Two of these cases were diagnosed as focal
segmental glomerulosclerosis (FSGS), whereas 6 remained with
differential diagnosis between FSGS and minimal change disease.
Hereditary proteinurias were then found in 5 (21.73%) cases, from
which 3 were caused by congenital nephrotic syndrome of the Finish
type and 2 were caused by diffuse mesangial sclerosis. Four of these
patients were younger than 4 years (Fig. F). After that, lupus nephritis
was observed in 3 (13.04%) cases and Berger disease in 2 (8.69%)
(Table 2). Other glomerulopathies observed in this group, although
with lower frequency, were as follows: membranous glomerulopathy
type I and chronic glomerulopathy.
Podocytopathy was also the most frequent within the 27 cases of
glomerulopathies in the group of patients aged 7 to 12 years, with 12
(44.44%) patients being observed. From these cases, 6 were diagnosed
as FSGS, whereas 6 received differential diagnosis between FSGS and
minimal change disease. The second most frequent diagnosis wasFig. (A) Podocytopathy: effacement of foot processes of podocytes (electron microscopy
(immunoﬂuorescence, ×1670). (C) Acute diffuse glomerulonephritis: the glomeruli show in
disease: IgA staining is strongly positive in the mesangium on a global and diffuse way (imm
the thickness of the basement membrane in some capillary loops, reaching up to 115.45
podocyte slit diaphragm (electron microscopy, ×8500).acute diffuse glomerulonephritis (ADGN), observed in 6 (22.22%)
cases. In 3 of these patients, ADGN caused type 2 crescentic
glomerulonephritis due to immune complex (Fig. C). Three patients
(11.11%) received the diagnosis of Berger disease, and 3 (11.11%)
presented alterations of the glomerular basement membrane com-
patible with Alport syndrome. However, only 1 of these cases had the
diagnosis conﬁrmed by the analysis of collagen IV α1-, α3-, and α1-
chains (Table 2). Other glomerulopathies observed were as follows:
dense deposit disease, lupus nephritis, and Denys-Drash syndrome,
with 1 (3.70%) case in each diagnosis.
Among the 70 cases of glomerulopathies observed in the group of
patients aged 13 to 18 years, the most frequent was lupus nephritis,
diagnosed in 16 (22.85%) patients, with prevalence of class IV lupus
nephritis. One case remained with differential diagnosis of podocyto-
pathy and another one with Berger disease. The secondmost frequent
diagnosis was podocytopathy, observed in 14 (20.00%) patients. Three
patients presented FSGS, and 11remained with differential diagnosis
between FSGS and minimal change disease. The third most frequent
diagnosis was Berger disease, found in 11 (15.71%) patients, with
similar proportions between subclasses I, II, and III. Then, the
membranous glomerulopathies, diagnosed in 8 (11.42%) patients,, ×12 000). (B) Lupus nephritis: C1q staining is strongly positive in the mesangium
tracapillary hypercellularity and a crescent (hematoxylin and eosin, ×1040). (D) Berger
unoﬂuorescence, ×1670). (E) Alport syndrome or thin membrane disease: reduction in
nm (electron microscopy, ×12000). (F) Hereditary proteinurias: no formation of the
Table 2
The most frequent glomerulopathies observed in renal biopsies in the different age groups analyzed
0-6 y, glomerulopathy, n (%) 7-12 y, glomerulopathy, n (%) 13-18 y, glomerulopathy, n (%)
Most frequent glomerulopathy Podocytopathy (FSGS/minimal changes),
8 (34.78)a
Podocytopathy (FSGS/minimal changes),
12 (44.44)a
Lupus nephritis, 16 (22.85)b
Second most frequent glomerulopathy Hereditary proteinurias, 5 (21.73) ADGN, 6 (22.22) Podocytopathy (FSGS/minimal changes),
14 (20.00)a
Third most frequent glomerulopathy Lupus nephritis, 3 (13.04)b Berger disease, 3 (11.11)c Berger disease, 11 (15.71)c
Alport syndrome/thin membrane disease,
3 (11.11)d
Fourth most frequent glomerulopathy Berger disease, 2 (8.69)c Lupus nephritis, 1 (3.70)b,e Membranous glomerulopathies, 8 (11.42)
Fifth most frequent glomerulopathy – – Alport syndrome/thin membrane disease,
5 (7.14)d
Total 23 (100) 27 (100) 70 (100)
Only the diagnoses that appeared more than once in each group were included in this table.
a χ2 = 13.297, P = .001.
b χ2 = 15.635, P b .001.
c χ2 = 2.462, P = .292.
d χ2 = 0.549, P = .459.
e Despite being diagnosed in only 1 case in the 7- to 12-year age group, lupus nephritis was included because this nephropathy was reported in the 3 groups, allowing a statistical
analysis between the 3 groups.
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frequent diagnosis was Alport syndrome, observed in 5 (7.14%)
patients, with 3 of them remaining with differential diagnosis of thin
membrane disease (Table 2). Other diagnoses observed, although less
frequently, were as follows: type 2 crescentic glomerulonephritis,
chronic glomerulonephritis, collagenoﬁbrotic glomerulopathy, and
Denys-Drash syndrome.
Podocytopathy was a frequent diagnosis in all age groups;
however, the proportion of this glomerulopathy was signiﬁcantly
higher in children (0- to 6- and 7- to 12-year age groups) when
compared with adolescents (13- to 18-year age group; χ2 = 13.297,
P = .001) (Table 2). Lupus nephritis was signiﬁcantly higher in the
group of patients aged 13 to 18 years when compared with the groups
of patients aged 0 to 6 and 7 to 12 years (χ2= 15.635, P b .001). Berger
disease was also frequent in the 3 age groups analyzed, although
without signiﬁcant difference between the groups (χ2 = 2.462, P =
.292). Alport syndrome/thinmembrane diseasewas only diagnosed in
the groups of patients aged 7 to 12 and 13 to 18 years, without
signiﬁcant difference between the groups (χ2 = 0.549, P = .459)
(Fig. A, B, D, and E).4. Discussion
The presence of boys was more frequent in the groups of patients
aged 0 to 6 and 7 to12 years and of girls in the group of patients aged
13 to 18 years. The distribution of sexes in the 3 groups may be
connected with the most frequent nephropathies in each group. Some
studies demonstrate that minimal change disease, which, in this
study, was classiﬁed as podocytopathies and occurred more frequent-
ly in the groups of patients 0 to 6 and 7 to 12 years old, is twice more
prevalent in boys than in girls [10]. Regarding lupus nephritis, the
most frequent nephropathy in the group of patients aged 13 to 18
years occurs in a proportion of 10 women to 1 man, affecting mostly
women of childbearing age. The difference between sexes is
inﬂuenced by sex hormones such as androgen and estrogen, and it
is largely documented that immune reactivity is more strengthened in
women [11–13].
White patients predominated in all the groups analyzed. There is
little information about the impact of ethnic on the renal architecture;
however, studies demonstrate that although white patients appear in
a higher number, ethnic is not an important factor in the alteration of
the structure of the kidney [14,15].
Glomerulopathy was the most frequent diagnosis in the 3 groups,
whereas tubulointerstitial nephritis, acute tubular necrosis, andvasculopathies occurred less frequently. This fact is in accordance
with studies carried out with adults and children [7,8,16].
The frequency of tubulointerstitial repercussions was similar
between the groups, remaining in around 29% of the cases. The
analysis of tubulointerstitial repercussions as a prognostic factor is
important. A regeneration process consists of 2 different stages: a
regeneration phase, in which the damaged cells are replaced by the
same type of cells, without any evidence of injury, and a phase known
as ﬁbroplasia, commonly called ﬁbrosis, in which the connective
tissue replaces the normal parenchymal tissue. Although initially
beneﬁcial, the healing process becomes pathologic if it becomes
continuous, resulting in a substantial remodeling of the extracellular
matrix and the formation of permanent scars. In some cases, it may
lead to the organ impairment or failure [17]. Thus, tubulointerstitial
repercussions may indicate a worse prognosis.
Aside from tubulointerstitial repercussions, vasculopathy associ-
ated to SAH secondary to nephropathy as a prognostic factor is
relevant. The frequency of these vasculopathies and SAH diagnosis
were observed mostly in the groups of patients aged 0 to 6 and 13 to
18 years. The most frequent form of secondary hypertension is caused
by chronic renal parenchymal disease, responsible for 5% of all causes
of hypertension. Studies indicate that the main causes of arterial
hypertension in renal parenchymal diseases are FSGS, glomerulone-
phritis, and diabetic nephropathy [18,19]. These data contradict our
ﬁndings because the group of patients aged 7 to 12 years also
presented a high incidence of FSGS and glomerulonephritis.
The most frequent glomerulopathy in the group of children (0-6
and 7-12 years old) was FSGS and minimal change disease, classiﬁed
as podocytopathy. These data accords with other epidemiologic
studies that show that these 2 glomerulopathies are the most
frequent in the pediatric age range [20,21].
The second most common glomerulopathy in patients aged 0 to 6
years was the group of hereditary proteinurias, and in 5 patients, 4
were children younger than 1 year, andmost was diagnosed as having
congenital nephrotic syndrome of the Finish type. These data accord
with the literature showing that although patients are born with the
disease, histologic lesions are usually detected after the third month
and the most common type of congenital nephrotic syndrome is the
Finish type [22,23].
Lupus nephritis was frequently present in the group of patients
aged 0 to 6 years. Systemic lupus erythematosus is an autoimmune
disease caused by deregulation of the nervous system and re-
percussions in nearly all other organs, with renal impairment in 50%
of the cases within the ﬁrst 5 years of diagnosis. Despite being
frequently found in women of childbearing age, nearly 20% of the
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results of this study because despite not being the main age group
affected by this glomerulopathy, children younger than 7 years also
presented lupus nephritis.
In the group of patients aged 6 to 12 years, the most frequent
glomerulopathy was also the podocytopathy (FSGS and minimal
change disease), already discussed earlier. The second most common
glomerulopathy was ADGN. This glomerulopathy is an immune
complex–mediated lesion, usually observed after temporary infec-
tions as pharyngitis and cutaneous infection caused by Streptococcus
pyogenes [25]. Post–streptococcal ADGN is one of the most frequent
causes of hematuria in children, mainly in school-aged children, with
a peak incidence at the age of 8 years [26].
As for the adolescent groups [13–18], the most frequent
glomerulopathy was lupus nephritis, which is in accordance with
the literature showing that systemic lupus erythematosus affects
young women more frequently and is less frequent in children [27].
Despite being more frequent in the groups of patients aged 0 to 6
and 7 to 12 years, podocytopathy was the second most frequent
glomerulopathy in the group of patients aged 13 to 18 years. These
data also correspond with studies conducted with patients aged from
6 months to 16 years, as well as with other studies analyzing children
and adults where the FSGS and the minimal change disease are some
of the most frequent glomerulopathies [21,16].
Membranous glomerulopathy was a frequent diagnosis only in
the group of patients aged 13 to 18 years. In accordance with the
data obtained in this research, other studies demonstrate that
although the incidence of membranous glomerulopathy is 1% in 1- to
12-year-old children, it increased to 22% in patients aged between
13 and 19 years [28].
Berger disease was another frequent glomerulopathy within the 3
groups analyzed. This disease is the most common type of chronic
glomerulonephritis in pediatric patients, mesangial IgA deposition is
the most evident pathologic feature [29], and young age at the onset
of the disease is one of the risk factors for a worse prognosis [30].
These data correspond with studies conducted with adults and
pediatric patients, which reveal that Berger disease is one of the most
common nephropathies [16].
In this study, Alport syndrome or thin membrane disease was also
frequently diagnosed in the groups of patients aged 7 to 12 and 13 to
18 years. Alport syndrome and thin membrane disease are genetically
heterogeneous conditions, characterized by structural abnormalities
in the glomerular basement membrane and also for presenting similar
clinical manifestations, which hinder the differentiation between both
glomerulopathies. Thus, the use of speciﬁc markers is necessary [31].
These glomerulopathies may develop at different ages, from child-
hood to adult life [32]. In the present study, it was not found in
children younger than 7 years.
One of the limitations of this study is that few biopsies of patients
between 0 and 18 years old are sent for this service. Because of this, a
relatively low number of patients could be included in this study.
Another limitation of this study is that it was not possible to assess the
evolution of the different renal diseases of patients, which would
contribute to a better understanding of the nephropathies. Further-
more, many kidney biopsies are sent to the pathologist without
clinical and laboratory data, which hinders a complete and appropri-
ate diagnosis. These limitations indicate the need for a greater
interaction between clinicians and pathologists.
This study allows better knowledge of the prevalence of
nephropathies in children and adolescents and shows that an early
diagnosis well supported by the histologic, ultrastructural, and
immunohistochemistry characteristics is indispensable for a more
adequate treatment of patients with renal diseases. Furthermore, the
division of children and adolescents into 3 different age groups (0-6,
6-12, and 13-18 years) showed differences in relation to the most
common nephropathies in each group, which could be a newinformation about this theme, which is apparently not reported in
the literature until this moment.Acknowledgments
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